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ENGCW-E (20 Mar 61) ist Ind
SUBJECT: /General Design Memorandum for Construction of a Bresk-
water at Eastport Harbor, Maine,

office, Chief of Engineers, washington 25, D,C,, 1% April 1961

T0: Division Engineer, U.S. Army Engineer Division, New England
Waltham, Massachusetts

The (General Design Memorandum for cdnstruction of a breakwater at
Eastport Harbor, Maine is approved subject to the following comments:

a. The sheet piling walls should be designed assuming that
the piling is hinged about .10 H below the ground or dredge line, instead
of Pixed at the ground line. In the breskwater section, where the piling
would be assumed fixed about 5 ft. below the ground, a preliminsry
analysis indicates that Z-38 piles are needed. Channel wales and tie
bars would be revised as necessary. The two sheet-pile walls tied
together in this section are less flexible than independent walls, and
assuming the hinge point higher than ususl is considered especially
unconservative.

b. It is suggested that walers and tie bars be desiguned for
16,000 psi working stress because of exposure to salt water. It is
suggested that the upper tie bars in the breakwater section he increased
somewhat over the theoretical size to allow for racking.

c. Material for sheet piling should conform to the inclosed
CE-1304.01, Amend. 2, April 1961,

d. The bituminous cap on the steel sheet pile structures
showld be increased to 4 inches applied in 2 layers.

e. (Coal tar paint is not considered appropriate for these
conditions. A T-mil thickness of vinyl paint should be used.

FCR THE ACTING CHIEF OF ENGINEERS:

1l Incl
Guide Specs for - Chief, Engifieering Division
Piling; Steel Sheet Civil works
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REFER TQ FILE NO.

NEDGW 20 March 1961

SUBJECT: General Design Memorandum for Construction of a Break-
water at Eastport Harbor, Maine

TO: Chief of Engineers -
Department of the Army
Washington, D, C.
ATTN: ENGCW-E

Submitted herewith in accordance with EM 1110-2.1150 are 10
copies of design memorandum for review and approval.
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GENERAL DESIGN MEMORANDUM
| FOR
CONSTRU&TION OF & BREAKWATER
AT

EASTPORT HARBOR, MAINE

PERTINENT DATA

Authorizing Act: River and Harbor Act approved 14 July 1960,

Project Document: Senate Document No, 98, 86th Congress, 2nd Session.

Date of Report of Chief of Engineers: 6 May 1960

Description of Federal Improvement: Eastport Harbor on the east

" gide of Moose Island, Maine is on Friar Roads, an international
boundary passage between Moose Island and Campobello Island, New
Brunswick, Eastport, the most easterly city in the United States,
occupies the whole of Moose Island and is important as one of the
major centers of the nation’s sardine canning industry and as a
summer colony. The authorized project contained herein provides for
the construction of a breakwater approximately 500 feet long generally
parallel to the central waterfront and an anchorage basin of 1.4

acres behind the breakwater with depths of 10 and 14 feet.

Principal Items of Work:

Federal Project

Breakwater. - Construction of 490 linear feet of double row
steel sheet piling, stiffened with steel channel wales and tied
together with steel tie rods. The inside of the breakwater will be
filled with gharry-run stone topped with. gravel base and 2-inch cold-
mix bituminous gravel paving,

Excavation..n Dredging 20,000 cubic yards place méasurement.

Non-Federal Project:

Public Landing. - Construction of a stone approach 100 feet long
with a top width of 35 feet and a‘stee; faced pier 140 feet long and
40 feet wide connected to the Federal Breakwater. The stone approach
will be constructed with guarry-run stone and the steel faced pier



constructed with a double row of steel sheet piling, stiffened
with steel channel wales and tied together with steel tie rods.
The inside of the steel faced pier will be filled with quarry-
run stone and both the stone approach and steel faced pier will be
topped with a gravel base and 2-inch cold.mix bituminous gravel
paving,

Construction of & timber fender system along each face of the
steel faced pler and Federal Breakwater..

Excavation, - Dredging 5,000 cubic yards place measurement,

‘Estimated Cost of Project. - Based on current 1 January 1961 price
levels,

Federal Non—Federa; Total
Construaction of Breakwatlter
and excavation $605,000 - $605,000
Bids to Navigation : 0 0
Construction of Public
Landing, berth excava- ‘
tion, and furnishing (*)
and installing fish pump 0 $150,000 150,000
Total : $605,QOO $150,009 $755,000'

(*) These costs are considered to be self-liquidating. The city
of Eastport requeSted that the Corps of Engineers accept a contri-
bution of funds in an initial amount of $150,000 from the city of
Eastport to design and construct the features included under this
item. This request was approved by the Secretary of the Army on

8 February 1961, The city of Eastport will withhold $2,500 from
the initial amount whereby they will purchase and install the fish
pump after the construction work has been. completed

‘Estimated Time Required for Comgletlon of Federal and Non-Federal
Project Wbrk.

Approximaxely 5 months,

_Federal Funds Allotted to Project to Date:

Allotments to date - $310,000



Additional Federal Funds Required to Complete:
Required in F.Y. 1962 -~ $295,000

Non-Federal Funds Allotted for Public Landing & Berths:
| Allotments to date ~ $3,000

Additional Non-Federal Funds Required to Complete:
Required prior to advertizing this work $144, 500%

*Exclusive of $2,500, cost of fish pump to be installed by local
interests. - ‘

Benefit~Cost Ratio:

2.5 to 1
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GENERAL DESIGN MEMORANDUM
FOR
CONSTRUCTION OF A BREAKWATER
AT
EASTPORT HARBOR, MAINE

AUTHORIZATION

1. The Federal navigation project considered herein is
authorized by the River and Harbor Act of 14 July 1960 in accordance
with the plans recommended in Senate Document No. 98, 86th Congress,
2d Se551on.

2. The project provides for construction of a cellular steel
sheet plle breakwater approximately 500 feet long parallel to the
central waterfront, and an anchorage basin of 1.4 acres behind the
breakwater with depths of 10 and 14 feet, The segmental cells are
to be filled, for stability, with sand and gravel secured from
local sources, Dredging will be required to provide the anchorage
area in back of the breakwater. The primary purpose of the break-
water and anchorage is to provide a protected landing area so that

- fish and general cargo could be landed during periods of rough

weather and to provide a protected anchorage area for fishing and
other craft,

3. The improvemeni, authorized by the act of 14 July 1960, is
subject to the conditions that local interests:

2. FPurnish without cost to the United States all lands,
easements, and rights-of.way for the construction and maintenance
of the project, when and as required;

b. Hold and save the United States free from damages due
to the construction and maintenance of the project; and '

¢. Provide and maintain without cost to the United States
an adequate public landing Jjoining the breakwater to shore, with a
fish pump or other acceptable unloading device, berths, and necessary
mooring facilities, open to all on equal terms.

- INVESTIGATIONS

b, Progect Document. - Investlgatlons made in connection with
preparation of “the survey report printed in Senate Document No. 98
consisted of a detailed hydrographic survey including soundings and
probings of the waterfront area. Commercial statisties and other
data pertaining to the harbor were examined.



5. Prior to Project Document., - The hydrographic survey of the
entire Eastport waterfront made in relation to an unfavorable survey
report submltted in 1939 was’ studled

6. Subsequent to Project'ﬂooument. - A topographic and sounding
survey at the shoreward end of the public landing was made in
December 1960, Eight borings were made in November and December 1960,
The detailed hydrographic survey showing soundings and probings of
the waterfront areg made in ‘1957 in connection with the preparation
of the survey report, and the more recent surveys ard borings are
con51dered sufficient for deszgn rieeds for the project considered
heréin, The results of the surveys and the locations and logs of the
borings are shown on Plates 2 and 3 herewith,

7. A wave study anal§51s wae mado to determine structural design
¢riteria, A report of the resulis of the wave study analysis is
1noluded as Exhlblt B accompanylng thls design memorandur,

8., Although no public hearings have been held subsequent to the
hearing in connection with the survey report, close contact has been
kept with responsible local . agenoles throughout the preparation of
this design memorandum.

LOCAL COOPERATION REQUIRED AND VIEWS OF LOCAL INTERESTS

9. Local cooperation required by the authorizing legislation
is set forth in Paragraph 3 of this memorandum,

10. The present status of actual compliance with the require-
ments of local cooperation 13 ‘as follows.

a. The city of Bastport has a Warranty Deed proving owner-
ship of land upon which the Public Landing is to be constructed.
There are no land acquisition problems involved for the construction
and maintenance of the off-shore Federal Breakwater and Anchorages
since their locations lie seaward of the low water line. The eity
of Eastport will furnish all easements and righls-of-way when required,
There will be no spoil disposal areas required on shore,

" b. The Governor of the State of Maine is ready to sign the
assurance to hold and save the United States free from damages due
to the consiruction and malntenanoe of the project as seon as the
State Legislature approves State funds for construction of the
Public Landing, Allocation of State funds in the amount of $150,000
was taken under advisement by the Committee on Appropriations ef
the Maine Legislature after a hearing held in Augusta on 21 February 1961.
The city of Eastport has furnished the necessary assurances properly
executed by city officials.



¢, No public landing or facilities have been consiructed,
The city of Eastport formally requested by letter dated 18 January
1961 that the Corps of Engineers accept a contribution of funds
from the city of Eastport to design and construct a public landing
Jjoining the breakwster to shore, berths and necéssary mooring
facilities, The formal request from the city of Eastport was
approved by the ‘Secretary of ths Army on 8 February 1961,

d. The design of the Public Landing is included in thls
memorandum, Local interests will furnish and install a fish pump
or other acceptable unloading device after the consiruction of the
breakwater and public landing are completed. The estimated cost
of the Public Landing including the fish pump as stated in the
authorlzlng document is $150 000, -

6 : - LOCATION OF PROJECT AND TRIBUTARY AREA

11, Eastport Harbor, on the east 51de of Hbose Island, Maine,
is on Friar Reads, an international boundary passage between Moose
Island and Campobello Islarid, New Brunswick, The harbor is an open
waterfront about 3 miles north of Lubec, and 40 miles northeast
of Machias, Hhine. The city of Eastport is important as one of the
ma jor centers of the.nation's’ sardine canning industry, and as a
summer coclony, The manufacture of extracts from fish scales and
scrap is also one of the city's major industries. In 1955 the
permanent population of the city was about 3,200 and the assessed
real estate evaluation was about $1,699, 000, Insofar as the fishing
industry is concerned, the tributary area includes the surrounding -
islands in both Canada and the United’ States.

PROJECT PLAN

12. The plan con81dered the most feasible for carrying out
the authorized project is in ‘general accordance with plans outlined
in Senate Document No. 98 except for modification deseribed in
paragraphs 13 and 14 of this memorandum. The plan provides for a
breakwater parallel to the central waterfront with its north end
‘turned ‘at right angles toward shore, and an anchorage basin of 1.4
acres behind the breakwatsr with depths of 10 and 14 feet,

DEPARTURES FROM PROJECT DOCUMENT PLAN

"13. Subsequent to the studies made for the Project Document
Plan, a conference on Harbor Design was held at the office of the
Chief of Engineers in December 1960, . At this conference, maximum
allowable wave heights in harbors were discussed and it was pointed
out thatwaye heights of 0.5 to 1 foot on the west coast and 2
feet in the Great Lakes were troublesome in small boat harbors,



Since the primary purpose of the breakwater and anchorage is te
provide a protected landing area and anchorage for fishing and other
smaller craft, the necessity to prevent waves of 0.5 to 2 feet from
occurrlng'withln the anchordge drea is of vast importance., It is,
‘therefore, considered that instead of extending the north end of
the breakwater in a straight line approximately 50 feet beyond its
intersection with the Public Landing as outlined in the Project
Document, the breakwater would serve more effectively by turning
this’end toward shore to afford more protection to the anchorage
areas from northeasterly storms., Local interests were consulted
and they agreed to the proposed change in alignment at the north
end of the breakwater. They were more favorable to the present
proposed layout than the Préject Document Plan on the grounds that
since the most troublesome storms are from the northeast, the ad-'
ditional protectlon to the anchorage areas from these storms is
needed g

14, ‘The type of breakwater has been changed from a cellular
steel sheet pile construction filled with sand and gravel, to a
-double row of steel sheet piling, fastened with steel channel
wales and tie rods and filled with quarry-run stone, The double row
of steel sheet piling type of breakwater was considered more suitable
and less expensive than the cellular steel sheet pile type and
does not rely on 1nterlock strength, Its suitability is based on
the follow:ng. ' '

. - a. The rangé in tide of over 18 feet permits placing wales
and tié rods at the required locations to stiffen and hold the walls
_wlthout ‘the use of divers and under-water equlpment

b, Since the breakwater is alsc to serve as a landing for
fishing and other craft, the design of an adequate fender system is
greatly simplified, The first cost and. maintenance repair cost. of
the fender system, both of which must be borne by local 1nterests,
is con51derably less.

15, A meetlng was held on lS'January 1961, with representatives
of' the Canadian Department of Public Works, Harbours and Rivers
Engineering Branch, Saint John, New Brunswick, Canada. The purpose
of "the meeting was to obtain 1nformatlon regardlng the design' and
durability of’ harbor structures that the Canadian government has

built in northern waters under somewhat similar exposures as-the
Eastport Breakwatsr. It was found that thelr c¢ommon praciice, for
the past 40 yedrs, has been to build'piers and ninor breakwaters
with parallel lines of steel sheet piling connected with wales

and tie-rod systems and filled with suitable, available granular
material,



. 16, Such structures have been erected along the St. Lawrence
River where the ice conditions, as well as waves, are a major
 factor; along the Northumberland Straits, where wave and sand
abrasion are major factors; and along the Atlantic seaboard, where
ocean waves become the major problemo Some of these structures
have been in use for ‘30 to 40 years and it was stzted that they
stlll appear to- be in good usable condition,

17, As an example of ‘a structure that would be near Basiport,
Maine, they furnished plans of a breakwater-landing that had been
built in 1956 at Ingall’s Head, Grand Manan Island, which is off
the coast about 20 miles southeast cf Eastport, This breakwater=
landing was built of parallel walls of steel sheet piling connected
with rods and wales and filled with gravel and was connected to
the shore with a rock-dike roadway, While this structure did not
have as much depth as the Eastport breakwater, it was exposed to
winds from the open sea on iis south side and, thus, was subject
to greater wave action. It was understood that this breakwater
has withstood hurricane winds and proved entirely adequate.

18, In regard to protection of the sheet pilihg from corrosion,
it was stated that they had found no satisfactory method. All they
are doing is to coat the piling with a coal-tar paint mainly for
the sake of appearance although they believed that this would
1ncrease the life of the material by at least 5 years.

19, A thorough study has been made by them of the rate of
corrosion of their structures and they found a range from nearly
zero to 008 inches per year, with this high rate due to sand -

. abrasion in the Prince Edward Island area. For design'purposes
in locations similar to Eastport they use a rate of ,0025 inches
per year or about 1/16 inch 'in 25 years.

WEATHER CONDITIONS

20. In connection with the wave study analysis (Exhibit B)
studies were made of both weather and maximum high tide records,
Frequency of wave heights from various directions at Eastport were
computed based on the length of fetch and a wind velocity of 50 miles
an hour, Records of wind consisted of those at Portland, Maine,
located about 185 miles southwest of Eastport, the nearest locality
with:such records. It was found that the maximum deep water wave
heights could be developed over the maximum fetch distance extending
from the breakwater site in a northeast direction, It was found that
the maximum waves acting on the breakwater would be from winds acting
over the longest fetch of 10 miles’ from the northeast through
Head Harbour Passage.



21, For structural design purposes a wind velocity of 50 miles
per hour was assumed resulting in a significant wave H(y of 7.0
feet, The breakwater and steel faced pier are desn.gned to " withstand
a maximum wave of 1.58 x 7.0 feet or 11,1 feet, It is recognized
that this figure way be consarvative and also that an additional
factor of safety is provided, since these waves do not strike the
breakwater at right angles but at an obligue angle, The Design Wave -
for harbor structures was discussed at the conference on Harbor '
Design held at the office of the Chief of Engineers in December 1960,
and it was brought out that Eurpoean practice is to reduce wave
stress due to angular approach, However, due to lack of knowledge
in computing this reduction, the direction of wave approach has
been disregarded in establlshlng the design wave for the harbor
structures at Eastport

22, The mean tidal range at Eastport is 18.2 feet and the spring,
range is 20.7 feet, DBased on tidal measurements by the United
States Coast and Geodetic Survey during a continuous period from
1929 through 1957, the extreme recorded tides were 23.2 feet
(November 1945) above mean low water and 4.2 feet (January 1943)
below mean low water, The design still water level has been taken
as 23 feet above mean low water to determlne wave loadlng for the
harbor structures,

SUB~SURFACE'CONDITIONS

23, The soil investigation for the construction of the Federal
Breakwater and the Public Landing and the required dredging in the
anchorage were made in November and December 1960. The location
and logs of the borlngs are shown on Plate 2 herew1th. '

24, The 501l ‘samples and data obtained by the explorations have
been examined, €Complete data relative to these explorations to
be shown in the speelflcatlons and on the contract drawings are
avallable.

‘25, The exploratlon data show that the overburden soil in the
foundatlon areas of the structures and in the anchorage areas is
: malnly sandy gravel afid gravelly sand underlyirg a surface deposit
of silt and 'sand soils containing large and significant percentages
of coal, coal dust, wood chips, organics, shells and offensively
odorous material, . The surface deposit in. the anchorage area varies
in depth from 2 to 10 feet and:-the material in this deposlt will
compose the maaor portion of the mateérial to be excavatsd, The
surface deposit in' the foundation areas varies in thickness from O
to 5 feet with no significant thlckness at the.location of Holes
FD.) and FD-2, The compaction and silt content of the material in
the underlying sand and gravel deposit increase with depth and near
the rock surface in some areas the soil is a moderately compact
gravelly silty sand. |



26,. The bedrock in the foundation and anchorage areas is basalt.
The rock is fine grain and dense. It shows very little weathering
and only a moderate amount of jointing. The rock in the main is
amygdaloidal; that is, the original vesicules in the rock have been.
filled by secondary mlnerals.

27. An investigation has been made to determine the availability
of suitalbe materials for £ill within sheet pile walls. Two large
gravel deposits containing clean gravelly sand exist in the vicinity
of Pembroke, Maine. There appears to be no adequate available
source of free draining granular material on Moose Island. Suitable
bedrock is exposed at two inactive quarries on Moose Island and at
other locations on the island, particularly along the shore, One
of the quarries is located on the west shore of the island, Suitable
bedrock is also exposed along the shore of the mainland north of
Lubec. A1l of these bedrock sources are suitable for a quarrying
operation., ILittle if any stripping would be required and working
faces would be adequate for an economical operation. Glacial
ti1l which is non-free draining material can probably be obtained
on the mainland within several miles of the shore. In general,
the glacial till deposits near the shore and in available areas on
Moose Island are too thin for an economical operation,

28. On the basis of the above described explorations and
materials survey, considering the design features of the proposed
structures and the proposed excavatlon operations, it is recommended
that the following assumptions and data be used for design and
design studies:

a. Foundations

(1) No stripping or excavation will be required to
produce satisfactory foundation conditions for sheet pile structures.

(2) Sheetzng for walls should extend at least 10 feet
into overburden soil to provide adequate foundation seepage control
and to confine the surface deposit material.

(3) The foundation overburden material has an angle
of internal friction of 30 degrees and a submerged unit weight of
60 pounds per cubic foot, except that the soil in the surface
deposit (see Paragraph 25) will have negligible pa351ve resistance
against the outside of the structure.

(4} The surface soil in the foundation area of the
stone approach will consolidate to provide a stable foundation,
Construction of the stone approach above an elevation of approximately
21 feet above mean low water will be deferred to provide time for
the consolidation of the foundation soil.



b. Anchorage

(1} Most of the material to be excavated is not
suitable for fill material between the sheet pile walls,

(2) n1 overbu:den soil can be easily dredged.

(3) It is expected that no bedrock will be encountered
in the proposed’ excavatlon.

o. Fill Material

(1) Clean free draining gravelly sand or sandy gravel
can be obtained from natural sources which will require a truck
haul distance of 1% miles. :

(2) Suitable rock f£ill may be obtained by quarrying
from sources requiring a 3-mile truck haul,

(3) Non-free draining glacial till can be obtained
from sources requiring a truck haul diStance of 11 miles.

(%) ALY £i1l material will be from sources selected
and furnished by the contractor.

(5) Spe01flc Data:

Unit Weights ~ Angle of
\ , 1b. /eu. ft. Internal Friction
Material Sub, Sat. Degrees
Free draining sand or gravel 50 115 30
Quarry-run rock : 50 . 115 40
Non-free draining glacial till 40 - 105 20

There are some indications that the surface of the bedrock may rise
west of drill hole FD.6, ,

SHORE LINE CHANGES -

29, The plan of improvement considered herein would have no
effect on the shore line of the harbor.

DESCRIPTION OF PROPOSED STRUCTURE

30, Federal Breakwater. - The Federal breakwater located off
shore beitween the Holmes Wharf and the Wardsworth deock will have a
total length of 490 feet and a top elevation of 26 feet above mean
low water, It will be 420 feet long and 50 feet wide parallel to



the waterfront with its north end turned at right angles toward
shore for a distance of 70 feet and a width of 40 feet, Its
construction will consist of a double row of steel sheet piling
stiffened with steel channel wales and tied together with two

rows of steel tie rods. Type Z2-32 steel piling will be used for
the construction of the 420-foot portion parallel to the water-
front and type Z-27 steel piling will be used for the consiruction
of the north portion which is turned toward shore., Two 12-inch 30-
pound channel wales will be fastened to the inside of each wall

at elevation +2.0 and two 1l2-inch 25-pound channel wales will be
fastened to the inside of each wall at elevation +16,0. The lower
group of tie rods at elevation +2.0 will be 2 3/4 inches in diameter
and spaced on 7.5-foot centers and the upper group of tie rods

at elevation +16.0 will be 1 3/4 inches in diameter and spaced on
15wfoot centers,

Specifications will state that an adequate and approved
system of temporary supports will be furnished to hold the steel
sheet walls in line during constiriction and to support the tie
rods during f£illing operdations. 'In addition, placement of rock
£i11 must follow along closely with the erection of the sheet pile
walls to provide stability to the structure as the consiruction
progresses.

31, The inside of the breakwater will be filled with quarry-run
stone topped with gravel base and 2-inch cold-mix bituminous gravel
paving. A 1l0-inch x 12-inch timber guard will cap the top of each
row of sheet piling.

32. Publie Landlng. - The Public Landing connecting the break-
water to shore consists of a stone approach and steel faced pier
with a top elevation &6f 26 feet above mean low water. The stone
approach is 100 feet long with a top width of 35 feet extending
from the existing wdll to the steel faced pier. The steel faced
pier will extend for a length of 140 feet and a width of 40 feet
connecting the stone approach with the Federal Breakwater, Its
construction will consist of a double row of steel sheet piling
stiffened with steel channel wales and tied together with one row
of steel tie rods, Type 2.27 steel piling will be used for the
steel faced pier. Two 1l2-inch 30-pound channel wales will be
fastened to the inside of each wall at elevation +6.0. One row
of tie rods at elevation +6.0 will be 2 3/4 inches in diameter and
spaced oén' 7.5-foot centers.

33« The inside of the steel faced pier will be filled with
quarry-run stone, topped with gravel base and 2-inch c¢old-mix
bituminous gravel paving, A l0-inch x 12-inch timber guard will
cap the top of each row of sheet piling.



34. The sizes of tie rods.and channel wales for both the
Federal Breakwater and the Public Landing are to be adjusted and
spaced according to the section of the steel sheet piling to be
used and accordlng to ‘the variation in height of the structure,

35. The stone approach portlon of the publlc landing will be
constructed of quarry-run stone, the larger sizes to be used on
the outside slopes. The slopes will be 1 vertical on 1% horizontal,
The stone approach will be tOpped with a gravel base and a 2=inch
cold-mix bituminous gravel paving. Guard rails will be constructed
on each side of the roadway across the stone approach.

36. A timber fender system will be constructed aleng each
face of the steel faced pier and Federal Breskwater. The fenders
will consist of 10-inch x 10-inch timbers spaced 10,5 feet apart
fastened to the steel sheet piling by 6 x 4 x %-inch angles and
bolted at the top to thetimber guard, BEvery third fender will
be 2 feet above the timbler guard to be used for mooring llnes.

37. Mooring cleats and mooring rings w1ll be 1nstalled where
needed. Steel runged ladders will also be installed where necessary.
Provision for 16 ladders has been allowed in the cost estimate.

38. Dredging, - The material from the 10 and 14-foot Federal
Anchqorages and 10-foot Berths will be removed by bucket dredge and
deposited in deep water in Friar Roads, It is believed that arcrane
floated on a scow will be used to accomplish the required dredging.

ATDS TO NAVIGATION

39. The U, S.'Coast'Guérd has been consulted and has indicated
the proposed breakwater would reguire no aids to navigation,

STRUCTURAL DESION

40, Purpose and Scope. - This section of the design memorandum.
presents the design criteria, basic data, and assumptions used in
the structural design of the Federal Breskwater and Public Landing
structures, A brief description of the structures with loading
conditions and assumptions used is included to show the de31gn
procedure, Typical computatlons are included as Exhibit A~
showing the maxlmum condltlons.

41. D331gn Crlterla.

a. General. - Allowable working stresses conform to those
specified in the Engineering Manual EM 1110-1-2101 "Working Stresses
for Structural Design", General design assumptions and criteria are

10



based on other applicable parts of the Engineering Manual for Civil
Works: Design of Breakwaters and Jetties (EM 1110-2-2904);

Design of Pile Structures and Foundations (EM 1110-2-2906); and
Hydraulic Design, Waves and Wave Pressures (Part CXVI, Chapter 8),
Technical Report No. 4 "Shore Protection Planning and Design" by
the Beach Erosion Board was used in the determination of wave forces,
Technical Monograph No. 75 volume I "Steel Sheet Piling Cellular
Cofferdams on Rock" of the Tennessee Valley Authority and Paper

No, 1366 of the American Society of Civil Engineers Journal of
Waterways and Harbors Division dated September 1957 were used in
stability computatiors of earth filled cells.,

b. Structural Steel, - Structural steel was designed for
the working stresses of A7 steel (Y.P, = 33,000 p.s.i. min,) which
conforms to the "Specifications for the Design, Fabrication and
Erection of Structural Steel for Buildings" of the American Institute
of Steel Construction. Normal working siresses have been used for
the design loading condition of the fill material. No allowance
for corrosion has been made other than using sectlons with a
minimum of 3/8 inch thickness.

42,_ Basic Data and‘Assumgtlons.
a. Breakwater Structure and -Wave Data.

Top of structure - el, + 26
Foundation bottom ‘ el, = 23
Design still water level - el, + 23
Significand wave height 7.0 f£t.
Maximum wave height 11,1 ft.
Significant wave period 5.6 sec,
Depth of water at still water level L6 ft,
Deep water wave length 161 ft.

b. Public Landing Structure and Wave Data,

Top of structure el, + 26
Foundation bottom el, - 11
Design still water level . el, +23
Sighificant wave height 7.0 ft.
Maximum wave height 11,1 ft.
Significant wave period 5.6 sec,
Depth of water at still water level 3 ft,
Deep water wave length 161 £%,

c. lLoads, - The following loads and unit weights were
used: : -

Live load on top of structure ' 300 #/s.f.
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Sea water 64.2 #/6u.ft.
Fill material (rock)

submerged 50 #léu.tt.
satyrated: 115 #/ch. ft.

d. Wind, Earthquake Forces, and Ice Pressure, - These
forces were not considered as factors in the de51gn and were

disregarded.

43, Stability. - A one-foot width of the parallel-wall sheet
pile structure for the breakwater and landing was investigated for
stability under a loading condition of & non-breaking wave with
51111 water at the maximum high water level of el, + 23, The
structures were assumed to be founded on rock with the resultant
falling within the middle 1/3 o6f the base and the - sliding coefficient
determined to be less than an assumed coefficient of firiction of
0.5. An additional factor of safety for stability was assumed to
be obtained by the sheet pile penetration into the foundation sub-
soil. The stability was further checked by a method using the
vertical shear and shear resistance of the fill material as out-
lined onPg. 92 of TVA Technical Monograph No. 75. Another check
on stability was made using Cummings' method as outlined in Paper
No. 1366 of the ASCE Journal of Waterways and Harbors Division,

44, Design, The steel sheet pile section was designed for an
internal loading of saturated and submerged rock with the tide at
maximum low water elev. -4, No internal hydrostatic pressure was
used as the fill material was assuned to drain through the interlocks
as the tide fell., Consideration will be given to properly spaced
and sized drain holes in the final design. Channel wales and tie
rods were designed to stiffen and tie the two parallel sheet pile
walls together,

SOURCES OF CONSTRUCTION MATERIALS

45, The important construction materials required for construdtion
of tthe¢  Federal breakwater and Publlc Landlng can be’ obtalnéd from
the feliowing sources: Sl RV S

. 2. Quarry-Run Stone., - The following 1nact1ve quarries can
be ‘considered as rock sources:

(1) Johnson Cove Quarrx. ~ Moose Island, This quarry

was opened as a rock source for the Pagsamaquoddy Project in 1936,
The quarry is located just off the highway and easily accessible,

being a haul distance of about three miles, The required yardage

for the project is available at this source.
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(2) Shackford Head Quarry. - This quarry is situated
at Shackford Head, a high promontory on the south side of Moose
Island. The access road to this quarry is steep and rocky and will
require addltlonal work to make it avallable for truck haul,

b. Gravel, - “Gravel materials for the pavement and base
exist in natural deposits within 14 miles of the site, '

PUBLIC RECREATIONAL USE

L6, No pleasure boats are based at Eastport but an average of
100 visiting pleasure boats are reported to call at the Wardsworth
wharf each boating season. It 1s expected the proposed improvement
would be utilized by some visiting boats for convenient docking,
overnight stops, and possibly to seek. refuge during storms while
they are cruising nearby. There is no indication that_any substantial
benefit to recreational craft would result from the ilmprovement.

REAL ESTATE REQUIREMENTS

47, The Federal breakwater will be located off shore, The
Public Landing will be comnected from the breakwater to shore. The
c¢ity of Eastport has a Warranty Deed proving ownership of the land
upon which the Publlc Landlng is to be constructed.

RELQCATIONS

48. The construction of the Public Landing will require removal
or relocation of sewer lines that discharge into the harbor. These
lines carry surface drainage from the hillside of part of the city
and domestic sewerage from several residences, City officials have
indicated that these sewer outlets have been a2 nuisance to the city
of Eastport for some time and eventually measures would have to be
taken by the city to relocate the séwers. This feature will be
taken care of by the city either before the Federal breakwater and
Public Landing are constructed or during their construction,

COST ESTIMATES

49, Cost Summary - Project Plan. - A summary of the estimated
Federal and non-Federal cosis for the project plan as considered in
this design memorandum at current January 1961 prlce levels is as
follows-

13



a2, PFede

ral Costs.

09

10
29
30
31

CHANNELS

14 & 10-ft. Anchorage
BREAKWATERS

PREAUTHORIZATION STUDIES
ENGINEERING AND DESIGN
SUPERVISION AND ADMINISTRATION

TOTAL COSTS (Federal Funds Only)

b. Non-Federzl Costs.

CHANNELS
10-ft. Berths
Public Landing
Fish Pump*

ENGINEERING & DESIGN
SUPERVISION & ADMINISTRATION

TOTAL COSTS (Non-Federal)

$ 40,000
493,000
10,000
22,000

40,000
$ 605,000

$ 10,300
124,200
2,500

$ 137,000
3,000
10,000

$ 150,000

* Fish Pump to be purchased and installed by Local Interests

under a separate

contract,

50. Detailed Breakdown of Cost Estimate - Project Plan, A

detailed estimate for the major feature costs for the project plan
at current January 1961 price levels is as follows:

a. Cos

t to Corps of Engineers.

(1)
(2)
(3)

(%)

(5)

(6)

Furnish and place type 2-32 steel sheet

piling -~ 1,810,000 1b, @ $0,.14

Furnish and place type Z~27 steel sheet

piling - 204,000 1b. @ $0,15

‘Furnish and place channel wales -
168,000 1b, @ $0.20

Furnish and place tie rods and turn-
buckles. (including supports) «
80,000 1b, @ $0.30

Furnish and place miscellaneous nuts,
bolts and washers - Lump Sum

Furnish and place riprap stone -
450 ey @ $3.00

14

$ 253,400
30,600

21,600

244,000
6,000

1,400



b.

(7)

Furnish and place stone fill in break-

water-38,000 cy @ $2.50 $: 95,000
(8) Furnlsh and place bltumlnous gravel paving
including gravel base-2,700 sq. yd. @$1.50 4,000
(9} Furnish and place timber guard on top of
breakwater - 1,040 lin. ft. @ $3.85 4,000
(10) Dredging 14 & 10-ft. anchorage-20,000 cy
silt, sand & gravel @ $1.80 36,000
| $ 476,000
Contingencies 12% $ 57,000
Total Construction Costs 533,000
Pregsuthorization Studies 10,000
Engineering & Design ‘ 22,000
Supervision & Administration 40,000
$ 605,000
Cost _to Local Interests.
(l) Furnish and place stone for stone
approach - 5,500 ¢y @ $2.50 $ 13,700
(2) Furnish and place type Z-27 steel sheet
piling - 360,000 1b, @ $0.15 54,000
{3) Purnish and place channel wales -
" 17,000 1b. @ $0.20 . 3,400
(4) Furnish and place tie rods and turnbuckles
(including supports) -~ 16,000 1b, @ $0.35 5,600
(5) PFurnish and place mlscellaneous nuts,
bolts and washers - Lump Sum - . 2,000
(6) Furnish and place stone £ill in steel
faced pier - 6,000 cy @ $2,50 15,000
(7) Furnish and place bituminous graﬁel
: paV1ng 1nclud1ng gravel baSe ~ 900 sq.yd.
‘@ $1.50 1,400
(8) Furnish and place timber guard on top of

steel faced pier - 280 lin.ft, @ $3.85 1,100
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51.

(9)

(10)

(11)
(12)
(13)

(14)

Furnish and place guard rail on top stone

approach « 200 lin.ft. @ $3,00 $ 600
Furnish and place wooden fenders on Federal
Breakwater and Public Landing (including

steel angles and bolts) - 32MFBM @ $300 9,600
Fﬁrnish and place mooring cleéts and rings -
Lump Sum 900
‘Furnish and place steel rung ladders - 16

@ $75 ea. 1,200
Dredging 10-foot berths - 5,000 ¢y silt,

sand & gravel @ $1.80 9,000

Furnish and install fish pump - Lump Sum 2,500

$ 120,000
Contingencies 144% (Fish
Pump not inel,) 17,000
$ 137,000
Engineering & Design 3,000

Supervision & Administration 10,000

$ 150,000

Comparison of Federal Cost Fstimates. - A comparison between

current estimates and previous estimates' is as follows:

09

10
29
30
31

Pfoject Plan

Project Latest As Considered
Docunent Approved In This Design
Estimate Estimate __Memorandum
Dec 1959 Sept_1060 Jan 1961
CHANNELS _
1% & 10 ft. anchorage $ 30,000 $ 30,000 . $ 40,000
BREAKWATERS 525,000 525,000 493,000
PREAUTHORIZATION STUDIES 10,000 - 10,000 10,000
ENGINEERING & DESIGN 10,000 10,000 22,000
SUPERVISION & ADMINIST. 30,000 30,000 40,000
$605,000 $605,000 $605,000
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52. The increase in engineering and design from $10,000 to
$22,000 is attributable to additional investigations and studies
required which were not anticipated at the time the project
document estimate was made.,

SCHEDULE FOR DESIGN AND CONSTRUCTION

53, It is expected that the design will be completed and that
plans and specifications will be approved and ready for advertising
on or about 1 M a y 1961. The work can be advertised by 1 Ma y
1961, contract awarded by 1 June 1961 with construction initiated
by 15 June 1961 and completed by November 1961, A1l the work will
be done and materials obtained under ohe continuing contract.

54, -Funds.avéilable and recommended for the Federal and non-
Federal features of the improvement, based on the above schedule
for construction are as follows:

Federal funds.

Ellotments to date $310,000

Funds to complete required in FY 1962 295,000
$605,000

Non.-.Federal

Allotments to date ' $ 3,000

Required prior to advertising the work 144, 500

Total $147, 500*

*Exclusive of $2,500, cost of fish pump to be
installed by local interests,

OPERATION AND MAINTENANCE

55« The barbor facilities will be operated by local interests
at no cost to the Federal Goverrnment, The only operation costs to
local interests will be the cost of supervision of the barbor and
operating costs of their fish pump when it is in operation. The
annual Federal maintenance items will include condition studies,
repairs to breakwater and maintenance dredging in the anchorages.
The total annual Federal charge for maintenance is estimated at
$1,600. The annual local maintenance items will include maintenance
dredging in their berths, repairs to the Public Landing, repairs
to the fendering system along the Public Landing and Federal Break-
water, repairs to fish pump and repairs to the breakwater paving
‘when damage occurs from excessive use. No monetary evaluation has
been made for local wmaintenance charges,
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BENEFITS

56. The city of Eastport is important as one of the major
centers of the nation‘s sardine canning industry and as a summer
colony. There are 7 canneries and 5 reduction plants in Eastport
that utilize the fish caught in the area. Commerce at Eastport
Harbor averaged about 66,500 tons annually during the period 1952
through 1957, of which over 50 percent was in fish and fish products,
In addition to this reported commerce, 60,000 to 90,000 passengers
annually are landed at Eastport, The commerce at Eastport is
expected to increase in the future as a resuit of normal population
increase and in the event the Passamaquoddy power project is built,
the commerce of Eastport would reasonably be several times the
present commerce, The highly exposed nature of the harbor, together
with the frequency of relatively high winds, makes it difficult or
impossible to land fish or other cargo, with consequent loss through
delay. BAs there is no protected anchorage along the waterfront, it
is necessary for fishing vessels to anchor at remote points with
consequent loss of time., In addition, during easterly, northeasterly
or southeasterly storms which predominate, boats must be moved to
the opposite side of the island as berths along the waterfront are
unsafe during such storms. The only protection owners of small boats
have in rough weather is to beach their boats, As a customs port,
EBastport Harbor is used by large numbers of transient vessels,
commercial fishing begts built in Nova Scotia entering through
Bastport, and foreign entries and clearances through the port
exceeding those in any other port in Mzine., The improvement will
permit the landing of fish now lost due to inability te land in
stormy weather, save time now spent traveling from ports more
distant from the fishing grounds, provide protected anchorage area
and facilitate the handling of mail, cargo and passengers.

57. The benefits to be derived from the recommended improvement
of Eastport Harbor are as follows:

Increased fish catch $66,000
Reduced operating cost for moving boats to
sheltered anchorage 14,000
Reduced losses from storm damage to boats,
cargo and equipment 3,000
Reduced cost of handling mail, cargo and
passengers 1,000
Total benefits $84,000

The benefits are the same as those evaluated in the Pro ject Document.
The benefit-cost ratio is 2.5 to 1.
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58. The annual charges based on the estimated cosis are as
follows:

a, Federal
(1) Federal Investment $605,000

(2) Federal Annual Charges

Interest (0.025) ($605,000)  $ 15,100
25-year Amortization (0 02928X$605 000) 17,700
Maintenance 1,600
$ 34,400

b. EQE:E&QQEQL
(1) Non—Federal Investment $150,000

(2) Nonerderal Annual Charges S
: (Self llquldatlngi ‘ 0
c. Total Federal and Non-Federal
' Annual Charges $ 34, 400

RECOMMENDATION

59, It is recommended that the project plan for the Federal
Breakwater and Anchorage as described herein be approved,

60. It is further recommended that the design of the Public
Landing Jjoining the breakwater to shore with berths, necessary
fenderirg and mooring facilities described herein be approved,

6 Incl

Plate 1 =~ Proaect Document Plan, June 1959

Plate 2 - Project Plan & Subsurface Explorations
Plate 3 ~ Sections & Details

Plate 4 - Wind & Wave Exposure Diagram
Exhibit A - Structural Design Computations
Exhibit B - Wave Study for Breakwater Design

.
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! oun Stone  Fill Sizes of tie rods and chanhel! woles fo be  Ingmtame Gy W
’ gdiusted and spaced according lfo section of
MLW =00 the steel sheef piling 10 be used. 15 ARMY EMGINEER DIVISKI, NEW ENGLAND
west timit="" | Moaring cleats, mooring rings ond steel wlrein ans
J — ? Z where required. o T
Sree! Sheat Pliing runged lodders will be fnstalied w S e [ [ ©
Bottom of dredged derh Praperiy sized weep holes wiii be located e il EASTPORT HARBOR
in the steel sheet piling where necessary. M A I N E
== A A | All steel members ore to .be painted with .
Bottom Stasl Shee! Piling —_— coal far paint. G AT SECTIONS AND DETA'LS
An odequale and approved sysfem of E -
[} 20 40 60 - 1o} 100 i20 140 160 80 200 220 240 280 280 300 320 340 360 temporary supports will be furnished to hold the P o L — aTE
PROFILE ALONG © PUBLIC LANDING _ steel sheet wolls in line and fo support the tie N oo dnsabitt, —EEB. 1981 |
SCALE IN FEE rods during filling operotions. | AN T scares A3 snomn
wor 200 29 40 60 ‘ T0 ACCOMPANY DESIGN MEMO DRARING NOWRER
vEr. 20 © 20 20 @ . : BATED: MARCH 1361 1466 D-9-4
SHEET 2 OF 2

— ‘ o .. PLATE 3
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WINDS GREATER THAN
NOTE: 32 MILES PER HOUR
PERCENT DURATION PER DEGREE IS TRE L.
AVERAGE PERCENT DURATION OBSERVED 38 BPH

FOR EACH |6 POINTS OF THE COMPASS
DIVIDED BY 22 /2 ‘DEGREES.
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OVER
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3
A A
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s
WIND DIAGRAM
PORTLAND, MAINE
OCTOBER 1949-SEPTEMBER 1959 INCLUSIVE

BASED ON HOURLY OBSERVATIONS BY THE
U.5, WEATHER BUREAU AT CITY AIRPORT

REVISICN | OATE CTICHIFTION [33

U.5 ARMY ENGINEER DIVISION, NEW ENGLAND
CORPS OF ENGINEERS
WALTHAM, RASS.

DR, BY ]’u. O

socisix! EASTPORT HARBOR

MAINE

WIND & WAVE EXPOSURE DIAGRAM

\ PATE  Fep. 1961

CHIEF EMGINEERING DI

SCALE AS SHOWN

TO ACCOMPANY DESIGN MEMO DRAWHNG NUMBER
DATED: MARCH 1961 1467 D-9-4
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GENERAL DESIGN MEMORANDUM
FOR
CONSTRUCTION OF A BREAKWATER
AT '
EASTPORT HARBOR, MAINE

EXHIBIT A

STRUCTURAL DESIGN COMPUTATIONS

U. S. ARMY ENGINEER DIVISION, NEW ENGLAND
COPRS OF ENGINEERS WALTHAM, MASSACHUSETTS
MARCH 1961 '
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21 Sept 49 CORPS OF ENGINEERS, U.S. ARMY pace Jof 23
SUBJECT Easrrorr H ARBoR  MuiNe .
COMPUTATION BRreaKwoater Stabl ‘f'?
COMPUTED BY __ (=T3S __cmeoxeo ay - (C CC DATE IJL3 o’fbl
DeEsieon DaTa
Slgn:‘ﬁ;can“f wave hf:tshv’ ~ 1o F+.
Period -~ &5l sec (T)
Dcc:f» W&"’&R wave lﬁnbﬁl’h - &l ‘.F"f (l—o)
Max weave l’l(‘)l@ll‘,' T Txf5§° = TS (H)
Max. htjA water flevel - el 23’
BoHem  eley. @ structare - el 23
“Depth of water @ Structure - £ 1 (d)
ToF of StrRuctunre - eltie
Wt sF S$ald water - 42 T/FPS

Weve type [res Em 16> 2-2904" p.7" pax 4-078]

Max wave heght =~ 1 F4°
W 'x13 = 14,4 $4° |
water depth = 40 F+ 7 4.4

wave 1S men-breakins Hype

Firce Due +o Nen-breaking Wave

Re ¥, Heach Erosion Board - Technieal R@pw{‘}
Shire Protection Planning 4 Design Takle D -1

d = 2& - peps7 4 - pevis
L 161 L
I 2 R
kT Zees
c . TTHE ‘2 d s_wH
ho = L coth L P cosh 2Td’
L] L'

= T (0T x_! - ¢4z (1)

1 5 ¥~ 175'4'@' 3'35—¢,

= 2/ = 212%sF

No.4
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY pace 2 of 23
SUBJEGT EasTrorT HAKBOR Maine

GOMPUTATION BRreaKwaler Stabils '/',Y

COMPUTED BY G TS GHECKED BY iy o] S : pate | !30’/4 !

Crest of Clapotis |
H+ hotd = 1 +206 +46= 5977
LHA -
T

4] .
= l ~— .
“+24 \ 0 I

| *:Z z_.... ,,,,,: , o hD - Z:(I '- L) ‘W)

\

A . ¥

\
\
\

wd: 2zl
4LxL423 2950 -

4
40"

ZGI"J/()."‘ Z12 ([0..7> = $C7
59.7°

2950 +2102 (’.3:7) T

59.7°
(56¢x3 = L70 x 475 = go
ix 16o'x 3" = 24" x 47' T L3
212°x F¢° T 97 x 23" = Zzz4$:
Ax Sl F¢ 0T L EST X 307 = 363 "

Wave LoapinG

- K

£H T23g5s8 T EMCq
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NEW ENGLAND DIVISION
21. sept 49 CORPS OF ENGINEERS, U.S. ARMY pace 20f 23
SUBJEGT EA&T PORT H/}RBDR AINE
GOMPUTATION BResKwater S+al /s ‘}‘-/‘
GHECKED BY 4 < .C' \C' A

i COMPUTED BY GT~S

oate __/ '/30/& /

5435;/:47 of  FParaliel- Wall Sheet File Cell -
Cere Fite MATERIAL:

Rock 18 3554 med
RocK 1s 25Swmed

Yoot ° 1157547
Youb = 50 VEZA

Submengod el-23 4o el +23-
Saturasted el +23 +o el +2¢-

Total wgt of cell Cmot imeluding sheed pile)

A - !mJHn ot &.fku,oﬁné

so(x)(4¢) +- us(x)(a) = ZV
zc%‘(x)

For case

U'JC RCSC&I'ILaW)‘ Dca«/lm:) Wi‘“u"n ‘MlJc“e /3
svile) = ZM-

2045‘-(8)!5__). - (79,9006
C’.
Xt /540-
X = 3%z2"

5’]10'!»:5 CoefFfieient
£H . 2355

— 0'23' < o5 [Qéji&hﬂec} Cae';-f,
£V 2645%37.2 of Friction ]

Sheet

pilim enetration ,§Lso a-fforg.J:,
Resistance -+°F 5],2{,,,3'0
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27 Sept 49

CORPS OF ENGINEERS, U.S. ARMY
SUBJECT EASTPoRT HﬂﬂBOR M

: pace Lof 23
AINE

GOMPUTATION BK@Q Kwater 6+Bbl ’l “’:/
COMPUTED BY GTS

GHEGKED BY DATE 1!30!61

Wid+h of Farallel -Wal] Sheet Rle Cell-

wsé a ‘f&wlaR u_'f 2 ﬁomstenms stRiccture IS
a $illed box withowt 3 botfsm [EMHI&-&Z?OQ‘ p.zéj

3?- 2. fr, »
= 4 Say 50 F4 width
o5 7 2y

VErRTICAL SHEAR * SHEAR REs|sTANCE *

rRef- TVA: Techniea ! Moho@Raph NMo. 75 Steel Sheed
Piling Cellelar Cofferdams cn  Roek: pi§9 -73.°

Jota] Verticz| sheern CSv)‘

Cpen) sp = Lx I M= ¢79,400"7,
. = 5o f4°
- 3/ X 7% ¥op b f
2 570"
s 20,400‘#

Shear rResistance (S) .

P 3 Ky H*
oy _ Costf ’ .
(p.65) K= D'y
¢ = 4o0°

(l'ﬂ'}t‘-’i(naf Srictiom 3n§lc)'
K:Mf'_ - o FI5

2= (706)?
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NEW ENGLAND DIVISION -
27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY pace .o 0f 23
SUBJECT EH\STP"RT HGRBOR Maine
COMPUTATION BReakwa‘}Cra xS?laLJ Il'f';/
GOMPUTED B8Y GTs GHEGKED BY oate ) f30 /&
el +20

Rup. * L(4i5(50) (40)°

2 22.,000

I (4:3)(::})(3)[—",;@ +4c.]
= e&oo

+0+3' F= Zg]KOO

el +23 \<—

y TS

S Pton ¢
| efl_-23
= 24,800 (153%) o
= 24,200

Facter c)j( Sa'fe*}y
S

S [ TvA Tech,_Menogreph Ne.75
v

F
20,400

Ly < LZf N G,

|

betermine width o¥

S, = &f.ie0

s tRuctur e ReﬁJ

: m]

for

= 19,400
/-2.5' '
, M
- 2 77,4900
= KX 19,400
- g2 5 §+| L{,ffe;f).

G,_t, :/’25
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g NEW ENGLAND DW?SlON v
27 “Sept 49 CORPS ‘OF ENGINEERS, U.S. ARMY pace G of 23

. SUBJECT Eﬂ.S'T FORT HﬁRSOR ManNE -
GONPUTATION BreaKwater Stablity
COMPUTED BY G Ts CHEGKED BY C lc lc' L] : DATE / 'l 3 ’ ’I "I

Check stabih ’/'7' u..smg Cum‘mrmﬁ s * method Redfi
Jowrnal of Wa-*ﬂ&waya + Harbors Divistons ASCE*. Sept 1157
Fa_P&R 1366 . '

RcsfS'}mg moment [ 3ssuwmed as 1f on Roek bascs)

yLes+<

(l-;,'fcnlaaK dension  mot a factor m a3 paknlbl '
wall  eell] | SR
7[4 4= 52,5'-
elize |

o el123
. Q@ ’

N

LSRN
¢ ~
d{ \\\
el -23% l . e
C.: ‘:: + an 99 .

T 52.5(.839) = 44°

AsSume RrocK amaterial s C—&}’hp/c’,"@]r Sméme.n5ed

},—,g-a*f/_}-;a (Fl“f")b'

: . Co * 3 .
. _— [5644)1 (£4) _7 = Jiez""<
M, ° st 73

0V&Jk+unwmg moment due fo wave [a;al#hs

M"U: é_f?"#'-'j{'
Factor oF Safety

A
L 794

= 2:44° 72'0

Revise wdth To S0’ new FS 1 L,1Y
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27 Sept 49

CORPS OF ENGINEERS, U.S. ARMY raoe Zo£ 23
SUBJEGT EastrPorT Hargor MaiME ' 7
cowunarion ____Cell Desigmn -~ BreaKwader

COMPUTED BY (TS cngonen oy _Goe < C o C -

DATE 1!3‘/¢/

Cery DESIG'N "'CoNDl'_l“IMN ,. Fo_&. IN TERN?JL L.o.bb:ulé d

cell Al materisl C_RWE)I

g = o

- = 3‘ 1.4 Lo

%#_ 115 /f-} el ‘F to el +2¢

Your = 5074 el-4 4 el -2y

mn. L.w @ elev -4/
IsSume hé R&a‘;" + hor. woalers' @ @’“““Zl'“'* e‘-.”"'
300 Surchypge

on +op of structure *

La'}egal. ean‘l'h PRE3sWRES -

a/c tan® [45-» —‘Ej

Sa«'hcﬂa.?t&i ‘Ma‘fcxaf

|

P = 1is(4ee)’ = 25
wamep.jg,d materiz)”

P=s50 (40)" = 1] %

Refa}acc 300:?/: | Suﬂbhakée u,;.'“"_ 2n’ é/JlJ:"'lana’ ‘
raf fill materia) -

For -cleslsh section cwnsnalen decpest sects, '-'.l:w';l‘l,
Fotend 2 tion bd'Hom sw’ el . pe o
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b2 Sept 49 GORPS OF ENGINEERS, U.S. ARMY pace G 0F 23
SUBJECT Eastrort HARBOR Maine :
GOMPUTATION Cell Des: gn - BreaKwaler

COMPUTED BY (TS - cneokeo oy __C-C.C . oate ! ! 3! ’l bl

T R A R T I

L%lenal ;conces .

elrze 4
Sa‘f ?naa‘}&ma-/
"3xz,5f_—7r eltic, d
13 x28 T 3z5T ,
27xz‘5--* G775 | " - e+
33 x25 % 825 _ —# C
] . Min LW -4
Swibm, .?ﬁa‘}ema/‘ T
l9x 117 = 209"
' o el-23 290 p

FEMS - |
FE MBA; = 75(”’) + Zso(;o)
2 G |
| | 37-‘70-‘_ + H70 = 7.92"7%
CFEML 2 325087 st |
T —Trs :
| o 30
o . ) - K
530b" + 2290 = 1S7
FEM_ = 32508° N 350"
- c8 1 20 - |
' ol ~-K
$300 + 3F3pe: = §T3L
| FEMCD = f_”(___zi) 2 M’P-I,(z{)k;o(c){25)+3(¢,)‘j +Zo?(f?) [’_“,3
| _ Iz to(zs)* Go25)*
- 43060 ~T00° + 2¢00 = F50'"°
. .. . . ;...‘.-- ‘ " ‘ . \ . ‘ .' . '
FEMy, : —_~————_~8’Z$_(ZQZ = '50(‘)3 n'i{-.wc]-r- 209 "621[10{25‘_)2—1.0(_25%?
| A “’(25)1 Go(25) +309)
- | | —_ {-3; 060 ,—3’o~ g,-.ﬁ-a—m:f"
,_5-71—%4}

¥/
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27 Sept 49

LV LIVULRL AN Y ILJIVEY

CORPS OF ENGINEERS, U.S. ARMY pace T of 23
SUBJEGT EA'ST PORT #ARSOR MF}INE
GOMPUTATION C@ﬂ Desisnm - Brea Kyater
COMPUTED BY G IS CHEGKED By CCc. DATE 2-’/ /I/ f
R@la'f'wf S+ ?{ne\sa .

I

cp = L gosekose
D.'s‘fmb:@?"ms FFaotors
DF, .= L2 - o4
¢g IR
F B -..0_'.-5.-9 ~ »3?
b &b 56 o
B 64 S 3¢ D
IRV A FREY L v g T3+ 450 ¢ 472
____..._.3-_0,"_%.%.‘ S . -&31_..15'.0 ) ety e
1.6 7T T " Goul o -¢.5
tie” T redo|toblr
~ows-" w5yl o " -0.03
ro-08 e . - A3'_7.... *ir —
-18. 7 T too? -{.0
g oot |0l —
-742 +7.91° '-2997 +29.9 " . -54.7 :
e kS
Span  AB
: L
pr”/ ,:;] )7z
B
R: - ISt 3ES 5 = 2000 "



NEL TURM ££2 NEW ENGLAND DIVISION
27 Sept 49 CORPS OF ENGINEERS, U.S$. ARMY pace [0 0 23
SUBJEGT t«&STF’URT HﬂR Bor AINE
GOMPUTATION C&“ De&j}" - Bﬁcakwa‘}cn ’
COMPUTED BY GTS CHECKED BY cC.cl . pate _ < '/ / !41
Spov B¢ -
e . [
792+ ( r/ SHINPEIX S
Lo e k
RB R‘—
o an X A 22 éoo
R, = Lx3z28 x4 + uxy xIoax |4 - £4.000
2 2 é 4. ~ f4,
- 2275 4+ 700 - 1570 = o5 T’
1ve *
- 22,000
R. -—xszs'th + 2 'x x\3\apx1'4'- + e
= 275 + 1400 + 1570 = 5745
P4. where V:op -
' . E‘Uo (x.)l -
s - 3 - 2= k2 T o .
| 40 25 (x) —
16.7x%+ 3zsx = 405
X '+ 3o.3x* T [31
(x s 156 T 370
X‘f’ff:& N4
X= 3.8 .
Mexw +M g0 : . a0 .
;;52‘7(33) 325 (38) . oo (3,3) T
2
S 123 % 0,374
~4,5 7% 70 pos . Moment:
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY . pace /1 of 23
SUBJECT LASTPORT HF}RBN{ MFHH&
GOMPUTATION Cell Desism - Breskwader
COMPUTED BY GTS GHECKED BY cCes pate 2 / // Al
X
S,O;:m cCpD - )
200 — == e e s
> .0
N
’ R ) -“\"’L PR
299" ~ & ) 54.7
A
N 28l - ﬂ
Re Rp
R = Yxgzsx 25 4+ L ox l"’rxzth ¢33 . 24,8°0
c 2 2 L& 25
< 0,300 + 500 —]oos = 9goo™
Rp = L Xg25x25+ ";;x'c"‘zo“lx“"’” Tk AL 520

. Y 3 2.5 es
= 10,300 + I'500 + Jooo =  lz,800 T -

Pt where V=0

. pA
12,800 - 10340() + _z_o_j €3] = 0
J ullg ) W 2_"
f,2x*> 163FX ¢ 12,500
A1\ 247k . = *3}05‘0'
()c-1235)" s Jz,zo0
X~ 1235 2 il
g oz 2.8
Max +M _ :
) . ) . I3 '
12,8 C12.5) = le34 (128" 204 (fzf) L 54,7
2 it 2

Y . . . .
16,0 - §05 +2.7 -547 = +275' 7"
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21 Sept 49. CORPS OF ENGINEERS, U.S. ARMY eace [20£ 23
consEcT EastporT Hargor Maine

GOMPUTATION Cejl Desisn - Breakwater

COMPUTED BY G T S GHECKED BY C .C. < -

DATE' Z!‘I_’/ it/

Skee/'f. :’;}e. \Seo‘/‘lah
Max

2,1
M = Tse Tt
55&x 1z

c‘?d 20‘ -

Use

Section

Y =

P
2v2i]

3%,3

ToTar KEACTIONS

C.

33}5—- ;")’]_3

er,walewf to Bethlehem ZPS%‘"

O

52k

150K

Tie Rob + WhLER - EL +2 (c)

Tie Rod

383teme Rod Spacing =

I° =

Ag =

I;’.o x?:!: 112.5 <

1125 5151';7,3'
zo: :

2% rd

with
Woaler
w s 150 e

L

7.5
M= o' j50<(2) 7 g4 "

zo
= 2% 2609 =

Sk eqd -

Z#J%. L;Jé.o

L

9.8~

75"

a,)os&"’

s, 1m°

f ¥

12."

125"

ends (5.‘?4 u")



27 Sept 49 ST e e e e e

CORPS OF ENGINEERS, U.S. ARMY eace 1.3 of 25
SUBJECT EasTporT Hargor  Maine , .
COMPUTATION Cel] De&:) n_ - Breakaler
COMPUTED BY TS CHEGKED BY cce . DATE 2-’1 ’II el

.

Tie Red + Ware . - El+/¢ (B)
 Tie rod. |
Cdsume  Rred spacing T )5
P=a4Man = 51"

fq\s ks 'é:‘L" pud Zg\;lh
2o

Kse I}é, "‘¢ Rod  with u,,ssc-l- ends -
Waler |
.V W - 3’4 K,' .

L= s’
M= o x 34 x (15)" 2765

L] . L] q
i - Tesxl2 ' X

Z- 2z t 2x239 ° 47.8& 1m®

Pire PENETRATION DEPTH

. , el+2¢
Foundation Material »
*, -el "‘-'-‘f—a‘ “
X’M ¢o /:H, + L l
p =300 | |
' kp 2 Yapv(45+ €)= 30 elrz
add 50% due Ho Irictien . . er-£°,
bohcen s:al. so1l HSheetpile IS ,
40‘*3‘ K9 = f,
foa {octon of sa£947 G, 2
Ke - &f - 2 s 1-23 0 '
P - (b )( Fi} * . 12 [ i
» - ‘i‘ o 2. ZS)X 67;5.)( 2y | 7):_ | %X
‘ - 3 |
_ X -—in|
P = %(bﬂ)‘fah‘&f*!f)x‘: lox™ | u L 4—%’3
o | O\
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21 Sept 49 ‘CORPS OF ENGINEERS, U.S. ARMY ' eace [40f23
SUBJECT EasTPorT HaArRBoR MaINE

GOMPUTATION Cell Deéléﬂ - Bregkupien

COMPUTED BY (>TS CHECKED BY C\CC‘_ . A oaTE _ 2 ! / ’/(, !

M o'lbdw‘l" ,Rc"aahml & &/ +2

T5($0) (1) + L (750)(30)(4) + B (z5+ Zx) = 3coo(14) +
. . - . N - g 19:460 N o » 13
$is (I"l? (6,:#?.5*) +1 (zo?)(l?)((,-}é?.-..l"[) +(k250209) (1) (25+ !.Z‘.)
+ iy [?.s'+ %x] ' ‘
 20)300 +45jc;oo + l‘;[zw%x] = 50,00 + 243000 + 37,000 +
.. P o (1054-)‘ (;t)(?.'\r.;;i&_) + P,'{(zir-r %x)
(’;-Fg) [z.5+§x]- 10.3#(:&) (?.5-#52) = 2—(:5',!00 o o
J'?:.f{;()”[z‘s'r;?:x]- 1634 (x) (an}}:) 265100 |
X 2 z2' ,oenefka +ion (B&lbw -?.‘_’n)

- This  degth penﬁfﬁa‘hon connol be Rezohed 1) +his

SREA  Smee  RocK  occurs between 17 and 1§ Feet bebw
elevation -23, With on 171 08 ¥ Feel of penetratin a
Facter o 2 : 30 s obtatnal An increase n passive
resistonce €3y be counted on due +o the Frichon between +the

foundstion wmaterial and +he coal-1ar costed sheed pilms,

Addidmal Resistonce will be obtomed by the sheet pile
secten  toeing imfs Rock, Thersfore o. penciration of 17-15
feet doawn 4o Rock appesrs adeguale considerimg the added
factors oF fricty, om the S pile and toetng ity Rock.
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27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY pace /50f23
SUBJEGT EasT PorT _HARBor _ MaiNE

GOMPUTATION Lahc)lhé | ‘S"}'Bblil"’:/

COMPUTED BY GTS$ cuEckep BY _ & L C . DATE Z/ l/ 'y,

Desion  Data

Significant wove heish -
Pekloé -

Deep woter wave lensgth -

Mex. wave heighd = Tatsg. =
Mex. hlj}, waler level
Bottern elev. @ $TRucture
Derofh o water @& Struclure
Top of $FRucture

Wg'f of  salt water

wave Hype -

Max., wave .hcléh‘/‘ = 1l F4

% 13 = |4.¢ §4.

7o 4
5l Sec ¢t ¢
16t ¥4, - (L)
W #4 - CH)
~ el +23
- 6! ..’l .
34 54" Cd)
el t2¢ "
G942 VB

water depth = 34 1 > 144"

" waove |s ‘)ﬂbh-!)Rcah'r\s ‘I’\/pe *

Foree Duve +to Non- Breakine Wavk -

—‘-1‘-: ’ ﬁ:o.z:az.- -é—-: 0:2346C"
N le!” L -
L= 3£ - s
0!2.3‘;(”
I"‘o_' ;’-:_EH_'L c,o:}'}«, ZTT:J PI_‘ tw H

L L, L . cos i’ﬂ’_i.

T (H‘l‘)l' 1 ' y
- 19 ‘ - 4, o
145 " Fo0s - 6az (11 )

2,297,

Ir
T 3l e
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PAGE .lé. . °{_23

27 Sept 49 CORPS OF ENGINEERS, U.S. ARMY
SUBJECT EASTORT Har Bor Maine
COMPUTATION L anding 6-}.;},,]1-}»Y
COMPUTED BY TS ' CHECKED BY c.¢.C. DATE _ 2 ’/ ZJ/ b!
Crest of CIgFo'hs .
H+h,+ d° = I+ 3.0 +34 = 4g,] "
- T <
; I 575 N
“TN-O' W 130" _-M_._v
] /
{ _,-/
: I,
4 ! - . /
/S 9 i /
A \ i
el-1i° 7 wd s 3;'0__. ¥ !
3/0-

34:(,4;1 2150

21501310 (,[.;) - 575

WAVE hopaDING®

5.1
213.6 +3le "4.,; T 730
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EXHIBIT B
WAVE STUDY FOR BREAKWATER DESIGN
l; Purpose. - The puroose of the subject study is to determine

storm wave conditions for the de51gn of the Federal Breakwater and
Public Landlng. :

2. Englneering and Geograghlcal Details Considered, - Englneering

and geogrephlcal details considered in this study are as follows:
2, Fetch (length of water surface subject to wind action)
b. Ffequency and intensity'of winds and their directions
e. Heights of waves produced by winds

" The following paragraphs summarize results of studies on each
of the above subjects.

3. Fetch. - The maximum fetch distance extending from the
breakwater site are those to the northeast as shown on plate L
accompanying the design memorandum text. This distance is 10 miles
through Head Harbour Passage. Winds from the northeast could blow
over the entire water surface for this distance,

4k, Winds, - Portland Malne, located about 185 miles south-
west of Eastport is the source of wind records analyzed in this
study. Wind observations are not made at Eastport, While the
1nten51ty of 1light winds might vary between Portland and Eastport,
it is belleved that high velocity and long duration winds would be
nearly the same at both sites., A wind chart for Portland, extending
over a 1l0-year period from September 1949 through September 1959,
showing frequency and 1nten51ty of winds and their directions is
shown on plate 4 accompanying the design memorandum text. An
inspection of this wind chart and the tabulated results from which
the chart was derived (not published with this memorandum) revealed
that winds from the east, south, southeast 'and west have the highest
velocity. Winds from the north through the east to the south have
the longest duration with velocities ranging from 32 to 46 miles an
hour. Eastport harbor is exposed, to winds from the north through
the northeast and'to winds from the south. Although protected to
the east and southeast by Campobello Island, it is exposed to limited
fetches of winds from these directions.,

5. Wave Heights, - The height of waves in deep water is pro-
portional to the velocity of the wind and the distance of water
surface over which these winds blow, With the wind velocity and



feteh distance known, the wave height can he determined from

data presented in Beach Hrosion Board Technical Report No. 4,

An inspection of the harbor bottom depths approaching and at the
location of the breakwater shows that "deep water" wave conditions
exist,’ ‘ : '

l 6.4 .The design wave characteristics are shown by the following .
computations. Other data on Design Wave Criteria are included in
~the Structural Design Section of the report.
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